MONTHLY WEATHER REVIEW. 


Editor: Prof. CLeveLanp ABBE. 


ANNUAL SUMMARY. No. 13 


INTRODUCTION. 


The Summary for the year 1896 is based upon data received | the Central Meteorological Observatory of Mexico. The sta- 
from about 3,000 stations occupied by regular and voluntary tistical tables have been generally prepared by the Division 
observers of the Weather Bureau, Canadian data received by of Records and Meteorological Data, A. J. Henry, Chief of 


the cooperation of Prof. R. F. Stupart, and Mexican data re-| Division. The text and editorial work are by Prof. Cleveland 


ceived by the cvoperation of Dr. M. Barcena, the Director of 


| Abbe unless otherwise specifically noted. 


GENERAL CLIMATIC CONDITIONS. 


ATMOSPHERIC PRESSURE. 


- The mean pressure for 1896 is shown numerically in Tables 
Iand II. The method of reduction to sea level and the omis- 
sion of the correction for gravity, as explained by Prof. H. A. 
Hazen in the MontHity WEATHER Review for 1894, Vol. XXII, 


age 538, have continued in use in the Weather Bureau during 
1896, and the figures given in TablesI and II, as also those 
on Chart I, accord therewith. Owing to the variations of 
gravity with latitude and altitude, the readings of the mercu- 
rial barometer, after being corrected for instrumental tem- 
perature and index error, need a further correction or reduction 
to standard gravity in order to represent the true atmospheric 
pressure, as measured by a uniform standard. As the inter- 
national conferences of meteorologists have uniformly urged 
the application of the reduction to standard gravity and the 
further reduction to sea level by the tables and methods of 
the International Meteorological Committee, the Editor has 
requested Mr. Park Morrill to make the corresponding cor- 
rections and reductions. The general method of doing this 
is explained in the Montaity WEATHER Review for 1895, Vol. 
XXIII, pages 492-494; the results for 1896 are shown in the 
accompanying table and on Chart IV. 


These charts cover the stations of the United States and 


Canada and can easily be extended over Mexico when the 
annual mean values for stations in that country become 
available. 

As the general motions of the lower atmosphere depend in- 
timately upon those of the upper atmosphere, it is important 
to study the isobars and temperatures at elevations of 10,000 
feet or more. Assuming a general average decrement of tem- 
perature at the rate of 2° F. per 1,000 feet (0.37° C. per 100 


-meters), the reduction upward can easily be made by using 


Table B, MonrHity WEATHER Review, for 1895, page 494, as 
computed by Mr. Morrill. By a slight change in the first 
column, which gives the temperature argument, this table be- 
comes applicable to reduction upward to 10,000 feet for any 
rate of diminution of temperature with altitude and is re- 

rinted as Table F of the present Summary. The resulting 
isobars are shown on Chart V. On the other hand, with any 
adopted rate of diminution of temperature, pressures may 


be reduced upward to the level of 5,000 meters, or 16,404 feet, 
by means of the table on page 419 of the MontHiy WEATHER 
Review for November, 1896, as computed by Koeppen. 

The data on Chart I show that the reduced barometric 
means not corrected for gravity were highest in the east Gulf 
and South Atlantic States and lowest in southern Arizona, 

but nearly as low in Newfoundland. 

| The data on Charts IV and V show that the true pressure 
gradients at sea level differ appreciably from the apparent 
pressure gradients on Chart I. They also show that the high- 
level gradients are steeper and that, therefore, the currents of 
air are swifter than at sea level. Both the high-level and 
sea-level gradients and winds and temperatures represent the 
result of the interaction of ascending and descending cur- 
rents. If there were no such vertical interchange of air the 
contrasts between the upper and lower systems would be still 
stronger. The resultant surface winds are shown on Chart I, 
and should be compared with both the sea-level and the . 
upper-level isobars. It is very desirable that the wind cur- 
rents at the 10,000-foot level should be brought under ob- 
servation in order to compare these directly with the isobars. 
The observations of cloud motions are only approximately 
satisfactory, and the true wind directions obtained by kites 
or free balloons are preferable. 


AREAS OF HIGH AND LOW PRESSURE FOR 1896. 


The location of an area of high or low pressure is, to a 
limited extent, affected by the method adopted in the reduc- 
tion of the barometer to sea level. The following summary, 
therefore, holds good, especially in connection with the 
method adopted by the Weather Bureau for the past few 
years. The average daily and hourly movements ~f the cen- 
ters of the areas are given by paths and by days in the in- 
dividual tables of the successive MontHLY WEATHER REVIEWS, 
and the monthly sums are collected together in the following 
table for the purpose of taking the annual means by paths 
and by days. 

These averages show the same peculiarity as do those for 
the year 1895, namely that the means taken by days are in 
both cases smaller than those by paths; that is to say, when 
each path is given the same weight, no matter whether it is 
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a long one or a short one, the numerous paths of rapid move- 
ment andrshort duration, outweigh those of slow movement 
and long duration. If the movement of a center of high or 
low pressure depends upon the general movement of the up- 
per layers of atmosphere, or is in any way a partial index to 
the velocity of the general circulation, then from that point 
of view, the averages taken by days are to be preferred. The 
average daily movement in 1895 was 556 miles for the high 
areas and 598 for the low, or an average of 577; in the cur- 
rent year the above table shows average daily velocities in 
both cases 5 miles larger than the preceding vert; giving an 
average of 582, or about 24 miles per hour. is average un- 
doubtedly gives us a first approximation to the annual 
average velocity of the wind at some upper level, probabl 

between 5,000 and 10,000 feet, but nearer the latter. If 
studied in connection with a system of upper isobars such as 
that shown on Chart VII, of the November Review, the 

seem to harmonize with the general statement that our hig 

and low areas and weather changes form part of the system 
of circulation around the north Polar Region of low pressure. 


Taste A.— Movements of areas of high and low pressure for 1896. 


High areas. | Low areas. 
Month. By paths. By days. By paths. By days 
Move- Move- Move- Move- 
No.| ment.| | ment. | ment.| | ment. 
= = | 
Miles. Miles. Miles. Miles. 
« 10 | 5,817 | 45.5) 21,880 5,435) 38.0) 21,830 
FPODruasry 9,981 50.0; 338,950 7| 4,447) 34.5) 20,260 
4,512; 89.0/| 22,460 10| 6,698 42.0; 26,760 
coe 3,086 36.0) 18,480 5,098 36.5) 20,330 
BY coe 7| 3,941 83.0) 18,520| 5,075) 41.5) 19,960 
SUMO evo 7| 3,965) 44.5| 24,470| 4,620/ 20,350 
6 8,234) 39.0) 2,950 10 | 6,617 | 34.0); 22,360 
September 4,148) 89.0; 22,900 6,681 | 39.0)| 22,820 
10| 5,244, 44.0/| 22.530 9| 4,832) 35.0) 18,060 
November 5| 8,307| 22.5/ 18,810; 8| 6,491 | 83.5 | 25,250 
8| 4,754) 82.5 18,890  12/ 9,171 | 48.0/ 31,580 
cesses 95 | 55, 123 | 437.0 | 244,950 114 | 71,407 | 450.5 | 271,560 
Mean daily velocity......... | 580 561 | 626 603 
Mean hourly velocity........ | 24.2 23.4 | 26.1 25.1 
TEMPERATURE. 


The mean annual temperature is shown by the isotherms 
on Chart I. These temperatures relate to the surface of the 
ground, and the individual figures are given in Table I of the 
annual meteorological summary of data for Weather Bureau 
stations. The lowest annual averages within the United 
States were: Williston, 37.6; Moorhead, 37.7; Bismarck, 
88.9; Sault Ste. Marie, 39.5; Duluth, 39.6; Havre, 39.7. For 
Canada: Prince Albert, 30.5; Battleford, 31.1; White River, 
31.2; Minnedosa, 31.6. The highest averages were: Key 
West, 76.4; Jupiter, 73.4; Yuma, 73.1; Tampa, 71.4; for 
Canada, Halifax, 43.2; Charlottetown, 43.1; Yarmouth, 43.0. 

The mean annual temperature was above the normal at 
nearly all stations. The largest departures were in the mid- 
dle Slope and the west Gulf States. The annual tempera- 
tures were below normal in the Florida Peninsula and on the 
north Pacific Coast and in portions of New England. 

The maximum temperatures are shown both by the figures 
in Table I and the full lines on Chart II; the minimum tem- 
peratures of the year are shown by the figures in Table I and 
the dotted lines on the same chart. The absolute range of 
temperature during the year is easily obtained by comparing 


the full and dotted lines on this chart. In general maximum 
temperatures exceeding 105, occurred as follows: Yuma, 117; 
Pheenix, 115; Fresno, 111; Red Bluff, 109; Fort Smith, 107; 
Shreveport and Wichita, 106. The absolute maximum for the 
whole country was 117 at Yuma. Minimum temperatures of 


—25 or more occured at: Havre, —33; Lander, —31; 
Northfield, —30; Moorhead, —28; Williston and Idaho 
Falls, —26; Sault Ste. Marie, Duluth, Miles City, —25. 

The regions of large annual ranges of temperature were, as 
usual, the north, middle, and south Pacific slopes and the 
Missouri Valley. The stations of small annual range were: 
Hatteras, 76; Key West, 38; Tatoosh Island, 48; Eureka, 
45; Point Reyes Light, 51. 

The accumulated departures of average monthly tempera- 
tures from the normal values are given in Table III, and show 
that there was a steady diminution in the deficit with which 
the year began in the Atlantic and Gulf States, generally 
turning into a surplus before the end of the year. In other 
sections of the country the year began with an excess of tem- 

rature which generally increased steadily until the close. 

he greatest deficits for the year were: —0.77, Florida Pen- 
insula. The greatest excesses for the year were: the middle 
Slope, +2.07; Abilene, +2.19. 


MOISTURE. 


The mean temperature of the dew-point and of the mean 
relative humidity are given in Table I. 

For the sake of certain studies in hygiene the mean tem- 
perature of the wet-bulb thermometer has been given each 
month. The thermometer from which this temperature is 
read is whirled at the rate of about 10 feet per second within 
the light wooden shelter that protects from direct radiation. 
The average wet-bulb for the year can be easily inferred from 
the mean temperature and dew-point of Table I as the wet- 
bulb reading is approximately midway between these two. 

The total quantity of moisture in the air for the current 
year can be found by the table given on pages 539-540 of the 
AnnuaL Summary for 1894, and does not differ to any im- 
portant extent from the figures there given for that year. 


PRECIPITATION. 


The total annual fall of rain and melted snow for 1896 is 
shown onChart III. Thegreatest precipitation was: Tatoosh 
Island, 100.8; Astoria, 94.8; Fort Canby, 78.6; East Clallam, 
78.1. The least was: Yuma, 2.6; San Diego, 8.7; El Paso, 9.3; 
Pueblo, 10.8. 

An annual rainfall above 60 inches occurred on small por- 
tions of the coast of Florida and Alabama, Nova Scotia, and 
Newfoundland, as also along the entire coast of Oregon and 
Washington. An annual rainfall of less than 10 inches oc- 
curred in southern California, Nevada, Utah and Colorado, 
western New Mexico, and northern Arizona. 

The accumulated departures of total monthly precipitation 
from the normal values are shown in Table IV, from which 
it appears that a steadily increasing deficit has prevailed over 
the Atlantic States, Ohio Valley, and Lake Region; but else- 
where a slight excess hasaccumulated. The large total annual 
deficits are the west Gulf States, 12.50; South Atlantic States, 
ao The largest accumulated excess was north Pacific, 


WIND 


The prevailing direction of the wind, namely that which 
occurred most frequently at the two hours of regular obser- 
vations for telegraphic report, 8 a. m. and 8 p. m. (eastern 
time ) is given in Table I. The annual resultant wind deduced 
from these same observations without taking into account the 
force of the wind (which is equivalent to attributing a uni- 
form force to all winds) is given in Table V. These result- 
ants are also presented graphically on Chart I in connection 
with the barometric means. They should also be compared 
with the pressures on Charts IV and V to which they are in- 
timately related. 

Owing to the great labor of computation the resultant 
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winds, as deduced from hourly readings of the self-register- 
ing anemometers, have not been computed during the year 
1896, but the relation between the resultants from two obser- 
vations per day, and those from twenty-four hourly observa- 
tions can be estimated by a comparison between Tables V and 
VI, pp. 544 and 545 of the Summary for 1894. 

The general agreement of the resultant winds within any 
climatological section depends — the nature of the irregu- 
larities in the immediate neighborhood of the station; an 
intimate agreement can not be expected when stations are so 
far apart and so variously located as those of the Weather 
Bureau. In such cases as that of Erie, Cleveland, Sandusky, 
and Toledo, all similarly located on the south shore of Lake 
Erie, the agreement is very close, so, also, with Block Island 
and Nantucket. 

FREQUENCY OF THUNDERSTORMS. 

The successive MontHLY WEATHER Reviews have given for 
each day and each State the number of thunderstorms reported 
by both regular and voluntary observers. Tables VI and Vil 
give a summary of these monthly tables. In order to ascer- 
tain the relative frequency of thunderstorms, as explained in 
the Summary for 1894, it is proper to divide the number of 
storms reported by the number of stations in order to deduce 
the average number per station. The results of this division 
are given in the eighth column of Table B, which shows 


« Tasie B.—Frequency of thunderstorms and auroras during 1896. 


“= 
oa Number of Total for uen 
23 stations. 1896. per station. 
hers 
3 
4 
sess 5.1 128 4 | 2.8 876 0 8.4 0.00 
11.4 385 30 | 12.8 213 0 7.1| 0.00 
« 5.2 130 4 | 8.2 465 0 11.6 | 0.00 
California. 15.8 895 115; 3.4 381 0 0.00 
10.4 260 70| 3.4 562 7 8.0| 0.10 
Connecticut 0.5 12 0.6 270 38 13.5 | 1.90 
Delaware .........++ oe cose 0.2 5 0.8 111 16 18.5 | 2.67 
District of Columbia......... 0.01 0.2 2) 0.5 33 1 16.5 | 0.50 
5.9 148 4.9 887 0 27.9 0.00 
GOOPRIA 5.8 145 45 3.2 343 1 7.6 | 0.02 
8.1 215 3 | 8.3 298 QT 8.5 | 0.77 
5.5 138 1,441 57 18.0; 0.71 
8.4 85 40| 2.4 529 12 13.2} 0.30 
indian 6.9 172 5 | 84.4 36 0 0.00 
5.5 138 1,204 72 15.0 | 0.90 
8.1 202 65) 3.1 792 35 12.2) 0.54 
Kentucky 3.8 95 40| 2.7 875 7 9.4| 0.18 
4.1 102 4 2.3 781 0 15.1 0.00 
0 8.5 5.9 134 97 9.6| 6.47 
Maryland 1.1 30; 0.9 49 | 88, 16.5/| 1-27 
Massachusetts ...... 0.8 20 6 | 0.3 539 95 8.3) 1.46 
Michigan 5.6 140 2.3 879 | 130 12.6 | 1-86 
Mimnesota 8.4 210 3.5 839 194 14.0 | 8-23 
4.7 118 3.0 564 1 12.5 | 0.02 
6.5 162 8 | 1,945 17| 22.9) 0.20 
14.4 360 1.4 175 | 128 3.66 
Nebraska «...-...cccccesesecee 7.6 190 90| 2.4 808 67 9.0| 0.74 
11.2 280 35 8.0 247 12 7.1) 0.84 
New Hampshire .......---..-- 0.9 22 1.1 187 | 121 6.05 
New Jersey 0.8 20 45 | 0.4 701 52 15.6} 1.16 
New Mexico 12.1 302 80 | 12.1 277 0 9.2) 0-00 
New York. 4.7 118 6 | 2.0 650 | 114 10.0 | 1.75 
North Carolina 5.1 128 50) 2.6) 1,267 2) 2.3] 0.04 
North Dakota 7.5 185 35 | 6.2 241 | 224 6.9 | 6.40 
4.0 100 12% 2,016; 128 16.8; 0.06 
9.5 238 45 5.38 119 1 2.7 | 0.02 
Pennsylvania 4.6 115 1.6 868 38 17.3) 0.55 
Rhode Island 0.1 2 0.38 57 15 9.5 | 2.50 
South Carolina........-.+. 3.4 85 35 2.4 582 0 16.0; 0.00 
South Dakota 7.6 190 4.8 280 70 1.75 
TOMMESSES 4.6 115 3 | 3.8 716 5 20.5 | 0.14 
Texas ...... 27.4 686 7 | 9.1 568 1 0.04 
8.4 210 8.4 226 0 9.0} 0.00 
Vermont 1.0 25 12) 2.1 1388; 4 11.5| 3.84 
6.1 | 152 4.38 543 7| 15.2) 0.20 
Washington 7.0 175 45| 38.9 101 21 2.2) 0.48 
West Virginia. ........0c0see0e 2.3 58 80, 1.9 421 5 14.0| 0.17 
cc 5.3 132 | 2.2 895 191 16.8 | 38.47 
Wyoming «.....-.sseesseeeeee 9.8 245 10 | 24.5 45 6 4.5) 0.60 


that the greatest frequencies per station per year were: 
Florida, 27.9; North Carolina, 25.3; Missouri, 22.9; Tennessee, 
20.5. The smallest frequencies were: California, 3.3; Mon- 
tana, 5.0; Oregon, 2.7; Washington, 2.2. 
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The product of the observed number of thunderstorms b 
the reduction factors given in column five of Table B woul 
give the approximate total number of thunderstorms for the 
respective States, which total number, of course, depends 
largely on the area of the State, and is omitted from this 
table, as it has no meteorological significance as compared 
with the frequency per station. 

FREQUENCY OF AURORAS. 


Tables VIII and IX give a summary of the detailed tables 
of auroral frequency in the respective MonrHty WEATHER 
Reviews. In the absence of more precise knowledge, it is 
assumed that the number of observers reporting all auroras 
is the same as those reporting all thunderstorms; the total 
number of either class of observers is decidedly less than the 
total number of those who report rainfall and temperature, 
and is estimated to be as given in the fourth column of Table 
B. The total number of auroras reported divided by the 
number of observing stations for any State gives the relative 
frequency per station, and this number relates to a physical 
phenomenon, and is comparable with similar ratios for other 
parts of the world, provided the aurora is so low as not to be 
obscured by a cloudy sky. On the other hand, if the auroral 
light emanate from a region far above the cloud, then a fur- 
ther correction for cloudiness is needed, but this has not been 
applied in the present case, as the Editor believes that we 
have no certain proof as to the extreme altitude of the au- 
roras, and that, on the other hand, there are many reasons to 
believe that the light emanates from the cloud region itself. 

The States that report the greatest frequency of auroras 
per station are: Maine,6.47; North Dakota,6.40; New Ham 
shire, 6.05; Vermont, 5.84; Montana, 3.66; Wisconsin, 3.47; 
Minnesota, 3.23. 

SUNSHINE AND OLEAR SEY. 


The successive MontHLty WEATHER Reviews have presented 
in Table XI the percentages of sunshine, as recorded by self- 
registers of either the photographic or the thermometric type, 
and the corresponding chapter in the text has called attention 
to the systematic differences between the instrumental and 
the personal observations of the aver daily sunshine or 
clear sky. These differences are, doubtless, in part due to 
what may be called instrumental and personal peculiarities 
as affecting the respective records. In addition to these pe- 
culiarities we must consider the fact that the photographic 
register gives essentially a record of the duration of a certain 
limiting intensity of actinic effect of direct sunshine; the ther- 
mometric register gives a record of the duration of certain 
limiting values of the total heat of direct sunshine plus atmos- 
pheric and terrestrial radiation; the personal observation of 
cloudiness aims to give the percentage of area of clear sky. 
There is no simple relation between these three classes of data, 
and yet as the records are often used indiscriminately, each for 
the other, it becomes interesting to ascertain how nearly they 
agree. The differences between the instrumental and personal 
records, as given from month to month, are collected to- 
gether in the two following tables for the photographic and. 
the thermometric stations respectively. A cursory examina- 
tion of these tables shows that there is an annual periodicity 
by reason of which the differences are, in both cases, larger 
in the summer than in the winter months. This annual 
period is apparently due to the greater altitude of the sun in 
the summer season by reason of which both the actinic and 
the thermal power of the sun’s rays is increased, wherefore 
the instrumental records must be interpreted to mean that, 
for the same percentage of clear sky as determined by per- 
sonal estimates, there is, in the summer time, a larger pro- 
portion of hours during which the limiting thermal or actinic 
effect prevails. The stations are arranged from south to 
north in the order of latitude, that is to say, in the order of 
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possible duration of sunshine. The differences between in-| Taste D.—Jnstrumental records minus personal estimates at thermometric 
strumental and personal records do not vary at all regularly stattone, | 
with latitude in the case of the photographic stations, but | 
| do have an appreciable increase with latitude in the case of - : 
| most of the thermometric stations; we may infer that the Stations. 3 
| change of latitude coupled with the change of local peculiari- E 
| ties of the stations affects the thermometric intensity of solar +--+ — 
rays more than it does the actinic intensity. 
New Orleans ..... OF 1-41) 
Tasie C.—Instrumental records minus personal estimates at photographic Vicksburg Hs +2\4+3 
stations. Atlanta. 4 6 j—18 |....- 
| Wilmingtoa 1 7 +14 +10 +16 +11 8 + 9.2 
gis | Louisville........ +7 +5 |414 +26 +12 +10 12 +15 416.3 
Washington ...... | — 4+ 5 7 +12 1 3 8 9.8 | Cloveland..® 
Denver +98 +28 +90 8 7 27 15.8 Des Moines....... 18 +96 |+28 +22 + 3 8484348 
Cleveland ........ +10 +14 9/413 418 * |..... Rochester ........ +23 +20 + 9 +13 +7 + 6 | 
Norfolk +1 +8 10 +10 |-+15 +$ +1 +? | Portland, Me......! 7 +82 + 8 +11 14 |415.2 
+11 |+4+4 10 | 17 (+11 +13 | 9 7 4 10.5 | Minneapolist 
Portland, Oreg.t...— 9. — 8, —7|—9/+1 12 |—11 |— 1.6 | Portland, Oreg.¢.— 5 0/45 | 
* Photographic record ceases; ye yy begins in November. + Records | *Changed to “T” in November. t Nopersonalrecord. +¢ Records by both methods. 


REDUCTION OF PRESSURES AND TEMPERATURES. 


The following table (E) gives the data necessary for com-| ward to 10,000 feet by the same process that was used for 
puting the mean annual temperatures and pressures reduced reducing to sea level, and by the help of the small table, F, 
} to sea level in accordance with the principles explained more | which is quoted from the Summary for 1895, page 494, but is 


fully by Mr. Park Morrill in the Summary for 1895 (Vol. changed so that the temperature argument is now the column . 
XXIII, page 492). The temperatures are first reduced to temperature instead of the sea-level temperature. 
sea level by applying the general reduction of 2° F. per 1,000 Taste E.—Reduction data for 1896. 
feet of altitude, plus a station correction determined from a ca te - oY 
discussion of normal data. These results are charted and a © 
system of smooth isotherms is drawn, such that the indi- 38 
vidual stations agree usually with the reduced temperatures Station. 38 3 
within a fraction of a degree. Thecolumn temperatures used 
for computing the reduction of pressure to sea level are ob- | gs a8 
tained by subtracting one-half of the above general reduction ia Sia | as 
from the temperatures read off from the system of sea-level 
isotherms. ith these reduction temperatures (in column 7) New England. Feet,| °°! | Inch, OF, °F. Inch, Inch. 
and the observed station pressures given in column 4 and the | Bastport | 4d SA 4.3 | 83 30.00 | 41.5 | 20.52 
dew-point in column 6, the reduced barometer is com- Northfield, Biz | 44 10 20.00 | 40.8 41-7 30.05 (42.6 | 20.55 
uted by a method based on the formula recommended by the | Nantucket, “14 | 41 37 0-02 | 48:7 | 48 48:7 B0.04 | 487 | 30-06 
Internetionsl Meteorological Committee. The pressures given | Block Island, 30.04 | 49.0 
in the 4th column of Table E differ from those in the 2d col- States. sehen on} 
umn of Table I, by reason of the application of the correction | New York, 40 48) 29.71 | 51.2| 48 51.5 30-05 51.8 | 90.71 
for the influence of local gravity, and are, therefore, baromet-| Pa... | or | | | 
ric pressures as distinguished from barometric readings. Simi-| Baltimore, Md .-.... .... 198 | 18 | 99.96 | 55.8 | 43 | 55.9 | 90.08 | 96.0 | $0.79 
larly the reduced pressures in the 8th column o Table B | Bm | 50-0 
allowance for the influence of the known force of gravity | Charlotte, N. | | | 61.9 | 30.07 | | 20.90 
in giving weight to air whose density depends on the tem- | 86 00 | 80.07 | 60.4 53. 60.4 30.08 60.4 | 20-88 
perature and the moisture that is assumed to exist between | Wiimington | $0.01 | | | 68.8 | 
We attain to more system b Savannah, Ga 98 | 32 29.99 | 61-4 | 57 67-5 30.09 67-6 | 21.00 
ressures upward, since in this case we have eal with rea Ls 
instead of hypothetical air, whose temperature and moisture Jupiter, Fla.. ........... 28 | 26 57 | 80.02| 78.4 | 65 73.4) 30.05 | 73.4 | 21.06 ste 
can be determined by actual observation instead of arbitrary | Tampa, 36 | | | | | aioe 
assumptions, and whose movements are of the greatest im~| srignta Gas. 1,181 | $8 98-00 62.2 63.3, 90.00 | 64.4 | 20.95 
rtance in the study and prediction of the weather. In Pensacola, Fia..... ..... 2.0 | 67.9 | | 68.0 | 90.08 | | 90.98 
ast column of Table E are given the pressures reduced Up-| Hontgomery, Ala ....... | | 20.84 | 66.2 | 85 | 66-4 | S007 | 66:6 | 
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Taste I.—Annual meteorological summary, Weather Bureau 
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TaBLe I.—Annual meteorological summary, Weather Bureau stations, 1896.—Continued. 
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Taste Il.—Annual meteorological summary, Canadian stations, 1896. 
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Tasie III.—Accumulated departures of average monthly temperatures during 1896. 
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Taste IV.—Accumulated departures of total monthly precipitation during 1896. 
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TaB_E V.—Resultant winds from observations at 8 a. m. and 8 p. m., daily, during the year, 1896, 


Component direction from— Resultant. Component direction from— Resultant. 
Stations. Stations. 

Direction | Dura- Direction) Dura- 

N. 8. E. w. from— | tion. N. 8. E. w. from ton. 

New England. Hours.| Hours. | Hours.| Hours. ° Hours. Upper Lake Region—Cont’d. Hours.| Hours.| Hours.| Hours. ° Hours. 

Portland, Me.... 264 211 317| n.78 w. 249 is 186 300 237 | s. 40 w. 150 
Northfield; Vt... 286 852 47 118| s. 43 w. 104 824 148 171 n. 88 w. 228 

ton, Mass.......... on 230 191 135 341) n.80w. 210 ‘ 
Nantucket, 262 213 163 264 n. 64w. 113 || Moorhead, Minn 837 236 83 198 | n. 48 w. 148 
Woods Hole, Mass.* 87 147 139 | s. 46w. 86 | Bismarck, N. 834 148 221 n. 6e. 192 
Block Island, N. 289 189 188 215 | n. 16 104 
ew Haven, Comm ........sceecceees n. 59 w. Mississippi Valley. 

Middle Atlantic States. St Paul, 199 264 202 200 | s. S4w. 109 
Albany, N. Y...... 238 284 71 230 8s. 75 w. 1%5 121 199 50 112| 8s. 39w. 100 
Binghamton, N. Yt Davenport, 201 205 218 277 | 8. 8 w. 59 
New York, N. ¥... 5 155| n.76w.| 161 || Des Moines, 28; 18 209/ n.49w. 82 
Harrisburg, Pa.... 166 142 296 n.74w. Dubuque, Iowa ..., ties 
Philadelphia, Pa .. 284 198 130 2090, n. 60 w. 184 || Keoku lowa.... 233 257 8. 68 w. 
Atlantic City, N. vane Cairo, Hil......- 233; 171 150| 8. 83 
Baltimore, 238 219 168 268 n.80w. 102 || Springfield, Ill.. 205 298 148 225 | s. 40 w. 121 
Washington, D.C. 279 237 136 219 n. 58 w. 98 annibal. Mo... ave 204 289 172 248 | s. 40 w. ill 
L ohoars. a 218 219 198 267 | s. 69 w. 1 || St. Louis, Mo........... anvetoeetere 212 310 172 187| s. 8w. 99 
Norfolk. 250 220 300 n. 86 w. 80 Missouri Valley. 

South Atlantic States. Columbia, Mo.* 108 | . 184 111 110; s. 2e, 31 
Charlotte, N. 171 304 284 130 s. 204 | Kansas City Sv cess 214 300 231 164 s. 8 e. 109 
Blatteras, 283 209 171 n. 47 w. 108 || Springfield, 194 828 234 s. Be. 164 
Kittyhawk, 251 222 213 243) on. 46 w. 42 || Omaha, 283 223 186 208 | n. 2 w. 64 
258 250 138 236 n. 85 w. 98 || Sioux City, vers 145 131 100 74| n. &e, 30 
Wilmington, N.C 211, 182 274 70 w. 98 || Pierre, S. Dak 256 173 284 182 n.5le, 132 

rleston, S. C.......... 199 271 216 s. Tw. 72 || Huron, Dak.... 272 231 282 201 n. 37 51 
Augusta, Ga...... 224 207 211 241 n. Ow. Northern Slope. 
Savannah, Ga.... o 215 280 175 19% | s. 17 w. - | Havre, Mont......... 233 145 158 348 | n. 65 w. 209 
Jacksonville, Fla... 220; 283; s. 100 || Miles City, Mont .... 175| 184| n.i8w. 112 
Florida Peninsula. || Helena, Mont ....... 152 261 45 438 | s. 73 w. 411 
Jupiter, Fla ............ 184 223 309 165 | 8. Te. 150 || Rapid City, S. Dak 220 218 142 307 | n. 89 w. 165 
Key West, Fla .......cecceccceceeees 222 137 468 51/| n.79e. 426 | Cheyenne, WYO .......ssseeeeeeeees 275 184 65 357 | n. 73 w. 806 
2000000 308 112 286 186 n.18e. 313 | MOE, WYO 172 280 132 330 | s. 62 w. 225 

Eastern Gulf States. North Platte, Nebr................| 185| 47| 266/ s. 48w. 98 

GS 215 185 231 2388 n. 62 w. 64 Middle 
Pensacola, Fla 271 232 218 198 | n.2le. 42 || Denver, Colo...... 218 816 147 200 | s. 27 w. 117 
290 263 148 165 | n. 33 w. 82 || Pueblo, Colo 279 164 204 257 n. 25 w. 126 
Montgom 205 214 270 219) »s. 8%e. 52 || Concordia, Kans............ os 210 815 178 155 8. ie. 107 
Vicksburg, Miss 181 300 283 158 8s. 47e. 176 248 282 271 108 | 79e. 172 
New Orleans, 218 278 290 1388 s. 70e. 162 | Wichita, os 238 337 198 81 | We, 153 

Western Oklahoma, Okla . we 212 380 184 1065 | 8s. Be. 186 
Shreveport, La.. 170 341 267 141 8. 360. 212 ‘out 
Fort Smith, 175 146 375 n. Se. 256 || Abilene, Tex 175 394 182 s. 8e. 221 
Rook, Ark 204 24 190 180| s. 6e. 90 | eens 171 899 90 152 s. 15 w. 236 
Corpus Christi, Tex................., 168) 387 % | 8. S7e. 238 : 

Galveston, TeX ......6cccecccceecees 138 381 247 184 8s. Be. 268 || El Paso, Tex......... 6000 cavadecvte 232 110 243 n. 35 w. 149 
Palestine, Tex 199 355 214 121 | s. 182 || Santa Fe, N. Mex 205 269 290 174 6le. 132 
San Antonio, Tex 222 288 306 67 | 242 52 829 132 332 s. 36 w. 342 
Ohio Vi and Tennessee. Yuma, 272 167 188 247) n. 29 w. 120 
221 180 s. 70 w. 69 | Middle Plateau. 
Knoxville, Tenn ....... 274 103 204 292 n. 27 w. 192 || Carson City, Nev..... ap bsovedecesse 172 220 116 830 | s. 77 w. 219 
Memphis, Tenn .. 229 268 243, 14 sos. 68 e. 107 | Winnemucca, Nev ...... 177 282 196 269 | 5s. 58 w. 92 
Nashville, Tenn........... 228 271 187 228s. 44w. 59 || Salt Lake City, Utah........... 188 245 262 228 | s. We. 66 
Lexington, Ky.... eses 158 322 167 252) s. 27 w. 185 | Northern Plateau. 
Louisville, Ky........ 211 804 155 198 102 || Baker 208 855 128 169) s. 15 w. 158 
Indianapolis, Ind 177| 8. 77 || Idaho Falls, Idaho.................| 240| 871 64| 86w. 162 
Cincinnati, 203 258 238 207 | s. We. 63 Spokane, Wash ..... sebodses 
191 265 199 235 s. 26w. 82 || Walla Walla, Wash................ 90 440 118 190 8s. 12 w. 357 
Pittsburg, Pa 188 | 188/ 816 | 8. 70w.| 189) North Coast Region. 
Parkersburg, W. Va 165 275 196 213 s. 111 || Fort Canby, Wash 228 223 178 213 | n.82w. 35 
Lower Lake Region. || Port Angeles, Wash............++++ 50 223 128 25) s. 34w. 208 
Buffalo, N. Y......... 690 0000 157 228 165 349 69 w. 197 | Seattle, Wash 217 325 183 147 | 8. 18e. 114 
156 821 171 249) s. Bw. 188 || Tatoosh Island, Wash............. 82 253 2738 238 | s. 126. 174 
Rochester, N. Y......... 264 137 376 | 8s. 61 w. 267 | Portland, Oreg......... 261 249 149 269 n. 84w. 120 
Erie, Pa......... 174 268 141 314 8. 61 w. 197 | 0 274 191 177 145| n.2ile. 89 
Sandusky, Ohio... setseces 186 190 203 304 5s. 88 w. 101 || Eureka, Cal .......... aupden ouemeghe 240 231 170 282 n. 8 w. 112 
Toledo, 162 202 188 s. 74 w. 150 || Redbluff, Cal........ 270 | . 208 229 n. 49 w. 28 
Detroit, Mich............. 198 233 172 309 | s. 75 w. 142 || Sacramento, Cal 174 349 136 225 | s. Ww. 196 
Uj Lake Region. || San Francisco, 120 184 493 | 8. 82 w. 445 
Alpena, 204 224 174 308 | s. 8&2 w. 136 South Pacific Coast Region. 
Grand Haven, Mich................., 212) n.77w. 87 || Fresno, Cal....... 188! n.5iw. 355 
Marquette. 256 216 132 311/| n. 77 w. 188 || Los Angeles, Cal 218 82 197 856 | n. 50 w. 209 
ort Huron, Mich..... eenessceccosse 210 294 139 228 s. 46w. 122 || San Diego, Cal..... Qo sevesecesscons 299 110 134 367 | n. 50 w. 300 
Sault Ste. Marie, 190 230 261 236 | s. Be. 47 | San Luis Obispo, 319 1 282 n. 58 w. 267 
Chicago, Ill.......... 256 144 252 | s. 67 w. 118 | 
*From observations at 8 p. m. only. 
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Taste VI.—Total number of thunderstorms reported during 1896. 
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Sea-level Temperature and Pressure for 1896; by Park Morrill. 
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Ohart I. Total Annual Precipitation, 1896. 
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Qhart Il. Annual Maximum and Minimum Temperatures, 1896. 
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Chart I. Total Annual Precipitation, 1896, 
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